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ABSTRACT 
This paper refers to the development of HFC -134a rotary compressor for household refrigern.tor. 
A synthesized polyalkylene glycol (PAG) oil and an ester oil which are soluble in HFC-134a had 
been studied for the refrigerating oil applied to HFC-134a rotary compressor. However, those oils 
have many problems, such as the poor electrical insulating properties, the capillary tube blockage with 
sludge, and the increase of wear on sliding surfaces in the compressor. 
Therefore, we carried out a study for the availability of low viscosity alkyl benzene oil for 
HFC-134a rotary compressor, and then, new technology of using low viscosity alkyl benzene oil which 
is insoluble in HFC -134a to rotary compressor has been established. This oil has good lubricity 
because of its insolubility in HFC-134a. Therefore, amount of wear on sliding surfaces in the 
compressor has been reduced half as much as that of the previous CFC-12 rotary compressor. Also, 
the sludge in capillary tube isn't found and the electrical insulating properties are almost the same as 
CFC-12 rotary compressor oil has. 
Although this oil has good properties for HFC -134a rotary compressor, there was a difficulty in 
adopting this oil for HFC-134a compressor. It was necessary to achieve good oil return from 
refrigerating circuit because this oil is insoluble in HFC -134a. To solve this problem, the oil separator 
in the compressor and the refrigerating circuit were improved and the critical refrigerant velocity in 
refrigerating circuit to keep oil return was found out. By these investigation, this low viscosity alkyl 
benzene oil has become available for HFC-134a rotary compressor. 
As a result, the new HFC-134a rotary compressor for household refrigerator which is more 
reliable than the previous CFC -12 rotary compressor has been obtained. 
1. INTRODUCTION 
At the amendments to the Montreal Protocol in Copenhagen in Nov.1992, CFCs refrigerants such 
as CFC-12, which are used for refrigerator, were decided to be phased out by the end of 1995. 
From the viewpoint of the global environment protection, we have developed the rotary 
compressor using new fluorocarbons that can replace CFCs and do not deplete the ozone layer. This 
compressor bas characteristics with downsizing, light-weight, and high efficiency, in comparison with 
reciprocating compressor. 
As a result we adopted HFC -134a as a substitute for CFCs refrigerant, and the alkyl benzene oil 
as a refrigerating oil, which is insoluble in HFC-134a 
This paper presents the reason of choice a refrigerating oil for HFC-134a, influence on 
performance of refrigern.ting cycle, and the oil return to compressor by using this oil. 
2. COMPARISON OF CHARACTERISTICS IN REFRIGERATING OILS FOR HFC-134a 
When adopting the refrigerating oil for HFC -134a, we considered mainly the wear resistance of 
the sliding surfaces of compressor and the formation of sludge in the capillary tube, because they have 
much influence on the reliability of compressor. 
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2.1 WEAR RESISTANCE OF SLIDING SURFACES 
While the chlorine atoms in CFCs are considered to trigger the depletion of the ozone layer, they 
play an important role in lubrication, for they react on the activated metal of the sliding surfaces of 
compressor to make iron chloride which has the good wear resistance. It means that the use of 
HFC-134a (which contains no chlorine atoms) in place of CFC-12 (which contains chlorine atoms) 
reduces lubricity at the sliding surfaces of compressor. 
Figure 1 shows the wear amount at the sliding surfaces of compressor after the life test. The 
value "1" corresponds to the average wear amount in the previous CFC-12 refrigerator used for 10 
years at the standard operation. For the refrigerating oil in the HFC-134a system ,we used two kinds 
of oils : one is an ester oil which is soluble in HFC -134a, and the other is an alkyl benzene oil which 
is insoluble in it. For the previous CFC-12 system, a mineral oil was used. 
The broken lines in Figure 1 show the range of wear amount in the CFC -12 system using the 
mineral oil. As shown in Figure 1, the HFC-134a system using the ester oil produced 3-10 times as 
much wear as the previous CFC -12 system did. If this refrigerator using ester oil runs under the 
standard operation for 10 years, the compressor performance may degrade and result in poor cooling. 
There are two reasons why the wear amount is increased by using the ester oil. One is that HFC -134a 
dissolves in the oil and reduces viscosity, causing poor lubrication, and the other is that the hygroscopic 
ester oil absorbs moisture and hydrolyzes to make acid, which erodes the metal surface and promotes 
wear. Consequently, when using ester oil, special material and treatment are required for the sliding 
parts. 
On the other hand, when using the alkyl benzene oil that is insoluble in HFC -134a, the wear 
amount is extremely small, it is only half of the wear amount in the CFC -12 system using mineral oil. 
This is because HFC -134a dose not interfere with the lubrication by dissolving in the oil. 
2.2 FORMATION OF SLUDGE 
Photo 1 is the ~anal view of the capillary tube in HFC -134a system after the life test using 
the ester oil or the alkyl benzene oil. The ester oil generates a pile of sludge, which may block the 
refrigerant flow and finally result in poor cooling. This sludge consists of metallic soap made by 
hydrolysis of ester oil. Therefore, when using such a hygroscopic oil, it is required to strictly control 
the contamination in the refrigeration cycle. But such a control is very difficult in current manufacturing 
p~. . 
On the other hand, when the alkyl benzene oil is used, only little amount of sludge is generated. 
This is due to the properties of the oil, such as less hygroscopicity, the good thennal-stability, and the 
good lubricity. 
Considering the wear resistance of sliding surface and the formation of sludge in the capillary 
tube, and the other characteristics as listed in Table 1, we have selected the alkyl benzene oil as 
refrigerating oil to achieve high reliability of HFC -134a compressor. 
3. PERFORMANCE OF REFRIGERATING CYCLE 
3.1 RELATION AMONG PERFORMANCE OF REFRIGERATING CYCLE, OIL VISCOSITY, 
AND OIL CIRCULATING AMOUNT 
Figure 2 shows the relation between the evap:::n-a.ting temperature and the viscosity and the 
circulating amount of alkyl benzene oil used in the HFC -134a system. The oil circulating amount ratio 
( ~ ) is expressed in the following formula: 
~ = [ Q o /(Q o +Q R)] X 100 
Q o : The circulating amount of oil in the refrigerating circuit 
Q a : The circulating amount of refrigerant in the refrigerating circuit 
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As shown in Figure 2, the perfonnance of refrigerating cycle is improved by using low viscosity 
oil and reducing the oil circulating amount. When the oil viscosity is high and oil circulating amount is 
increased, the oil discharged from the compressor adheres to the wall inside the evaporator pipe. 
Consequently the heat exchange effectiveness is reduced. To solve this problem, we adopted the low 
viscosity alkyl benzene oil for HFC -134a, and the circulating amount reduced half as much as that of 
the previous CFC-12 rotary compressor by improving the oil separator. 
As a result the performance of refrigerating with the low viscosity alkyl benzene oil is almost the 
same as that with the ester oil which is soluble in HFC -134a. 
3.2 PERFORMANCE OF ACTUAL REFRIGERATOR 
Table 2 shows the comparison of perlonnance between CFC -12 and HFC -134a in 320 ~ 
refrigerator. HFC-134a indicates about 10 96 lower refrigerating capacity than CFC-12, so it is 
necessary that the stroke volume of compressor is enlarged. The coefficient of performance (COP) of 
new HFC-134a compressor is improved by 3...., 5 96 , comparing with CFC-12 compressor. This is 
because the mechanical loss and leak loss are reduced by using the low viscosity and insoluble oil. Also 
Figure 3 shows the temperature change at the evaporator inlet and the outlet under the refrigerator 
intermittent operation, comparing the HFC-134a system with the CFC-12 system. As shown in 
Figure 3, the HFC -134a system requires the shorter operating time to achieve the same effect as the 
CFC-12 system. This is because the HFC-134a insolubility in the alkyl benzene oil prevents the 
refrigerant shortage at the compressor start-up. As a result, the power consumption of the HFC-134a 
refrigerator is 2% lower than CFC-12 refrigerator, in spite of using the compressor with larger stroke 
volume. 
Also, in the HFC -134a system using the alkyl benzene oil, the refrigerant charge amount can be 
reduced by about 30%, comparing with the CFC -12 system using mineral oil. There are two reasons 
for this. One is that in the HFC -134a system, the transient refrigerant shortage hardly occurs, so the 
refrigerant amount which is accumulated in the header can be reduced. The other is that the refrigerant 
amount that solves in the oil in the compressor with high pressure inside is smaller than that in 
CFC -12 system. 
4. OIL RETURN TO COMPRESSOR 
In the previous refrigerating system, the refrigerating oil, which is discharged from the 
oompressor, easily returns to the compressor, as the oil easily dissolves in the refrigerant under the 
nonnal operating conditions. In HFC -134a system, however, it is difficult for the alkyl benzene oil to 
return the compressor, because the oil is insoluble in the refrigerant. To ensure the oil return, it is 
necessary to improve the refrigerating circuit, and to grasp the critical refrigerant velocity for oil return. 
4.1 CRITICAL REFRIGERANT VELOCITY FOR OIL RETURN 
To keep the gas flow velocity on which oil dose not accumulate in refrigeration circuit, It is 
necessary to find out the critical refrigerant velocity for oil return. This velocity means the minimum 
gas flow velocity on which the liquid can flow up against the gravity in the two-phase (gas and liquid) 
flow through the vertical pipe. The velocity depends on the inner diameter of pipe and the state of 
refrigerant gas. When the actual gas flow velocity (Ug) is higher than this velocity, the oil will flow up. 
The critical refrigerant velocity (Ug *) is obtain by the following formula, based on the Wallis's 
correlation. 
Ug * =C ( g·d( p oil- p g)/ p g) 
C : coefficient 
g : acceleration of gravity 
d : inner diameter of pipe 
P oil : oil density 
P g : refrigerant gas density 
1/2 
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We calculated the critical refrigerant velocity for refrigerator with evaporating temperature(Te) 
and condensing temperature(Tc), and compared it with the actual gas flow velocity (Ug) in the pipe. 
For example, the critical refrigerant velocity at the evaporator inlet is shown in· Figure 4. Under the 
condition above the critical refrigerant velocity line, the oil will not accumulate, because the actual gas 
flow velocity is higher than the critical refrigerant velocity (Ug> Ug • ). However, under the condition 
below this line, there is a possibility of accumulation (Ug<Ug • ). The part which is surrounded by 
parallelogram shows the condition of nonnal operation on the refrigerator. The part is above the critical 
refrigerant velocity line, so there is certainly no accumulation, and oil return is ensured. However, 
there is possibility that the oil accumulates in the header. The oil return in the header is described 
below. 
4.2 OIL RETURN IN THE HEADER 
The header is located between the evaporator and the compressor to adjust the refrigerant charge 
amount. Because the actual gas flow velocity in the header is lower than the critical refrigerant velocity, 
there is a possibility that oil accumulates there. 
Figure 5 shows the state inside each header for CFC-12 and HFC-134a. In the header for 
HFC-134a, since the oil is insoluble in HFC-134a, two phases fanned : the lower phase is of liquid 
refrigerant with high density, and the upper phase is of the oil. Then we changed the refrigerant flow 
direction to allow the oil to properly return to the compressor, through the pipe when the oil level is 
raised aoove the opening of the pipe. 
4.3 CONFIRMATION OF OIL RETURN IN ACTUAL REFRIGERATOR 
We observed the oil return to compressor, using the refrigerator with the translucent pipe. As 
shown in Figure 4, we confirmed that the oil properly returns to the compressor under any conditions. 
Figure 6 shows an example of the variation of oil level after the compressor start-up. In the 
HFC-134a system using the alkyl benzene oil, the oil keeps almost the same level and properly 
returns to the compressor. There are two reasons why the stabilized oil level in the HFC -134a system 
is higher than in the CFC -12 system. One is that the oil circulating amount is smaller than before, 
owing to the improved oil separator, and the other is that the oil is insoluble in HFC-134a 
Furthermore, to observe the oil level under the ultimate condition that a lot of oil flows into the 
refrigerating circuit, for example, due to refrigerator overturn, we conducted the oil block test using 
equipment as shown in Figure 7. The equipment has the oil tank between the condenser and the 
compressor discharge pipe, which contains 80% of the oil that is charged into the compressor. nus 
corresponds to the volume of the oil that is discharged from the compressor. Figure 8 shows the test 
result with the ambient air temperature at 5 °C. After 20 minutes, the oil level become observed, and 
when 60 minutes have passed, the oil level stabilizes. Our test revealed that the oil in the HFC-134a 
system returned in shorter time than the oil in CFC-12 system did. Thus, we confinned that the oil 
certainly returns to compressor in the HFC-134a system even under the ultimate conditions. 
5. CONCLUSION 
As mentioned above, we developed HFC -134a rotary compressor for household refrigerator by 
adopting alkyl benzene as refrigerating oil, and improving the refrigerating circuit and the oil separator 
in the compressor. As a result, HFC-134a rotary compressor is more reliable than the previous 
CFC-12 compressor, without degrading the energy efficiency. 
Based upon this development, we intend to advance further toward the global envircmment 
protection. 
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Table 1 Comparison of characteristics in refrigerating oils for HFC -134a 
Refrigerant CFC-12 HFC-134a 
Refrigerating oil Mineral oil PAG oil Ester oil Alkvlbenzene oil 
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Fig.2 Relation among performance of refrigerating cycle, 
oil viscosity, and oil circulating amount 
Table 2 Comparison of performance between HFC- 134a
 
and CFC-12 in actual 320 Q refrigerator 
Refrijterant HFC-134a CFC-12 
RefrilleratinQ' oil Alkvlbenzene oil Mineral oil 
Stroke volume feel 5.00 4.60 
Ooeration factor r% l 64 71 
Power consumotion ratio 98 100 
Ref. charge amount ratio 73 100 Ambtent atr temp. : 30 oC 
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Fig.3 Temperature change at the evaporator 
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